Elucidation of stable intermediates in urea-induced unfolding pathway of human carbonic anhydrase IX.
Human carbonic anhydrase IX (CAIX) has evolved as a promising biomarker for cancer prognosis, due to its overexpression in various cancers and restricted expression in normal tissue. However, limited information is available on its biophysical behavior. The unfolding of CAIX in aqueous urea solution was studied using all-atom molecular dynamics simulation approach. The results of this study revealed a stable intermediate state along the unfolding pathway of CAIX. At intermediate concentrations of urea (2.0-4.0 M), the protein displays a native-like structure with a large population of its secondary structure and hydrophobic contacts remaining intact in addition to small confined overall motions. Beyond 4.0 M urea, the unfolding is more gradual and at 8.0 M urea the structure is largely collapsed due to the solvent effect. The hydrophobic contact analysis suggests that the contact in terminal α-helices is separated initially which propagates in the loss of contacts from centrally located β-sheets. The reduction of 60-65% tertiary contacts in 7.0-8.0 M urea suggested the presence of residual structure in unfolded state and is confirmed with structural snap shot. Free energy landscape analysis suggested that unfolding of CAIX exists through the different intermediate states.